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At the time of iKinting, the number of dots actually printed is stored in printed dot number storage means (28). At each op- 
eration of pnmmg means (9), quantity of suctioned ink is cumulatively stored as a number of printed dots in printed dot number 
storage means (28) by means of storage control means (30). When it is desired to check residual quantity, ink residue detection 
m^ (31) romputes it based on the ratio of a number of printable dots corresponding to the ftiU volume capadty of ink car- 
tridge (8) and the number of printed dots stored in printed dot number storage means (28). According to the present invention, an 
ink jet pnntcr, which has a head having a head nozzle to eject ink for printing, ink cartridge (8) containing ink and priming 
means (9) to suction mk while applymg pressure to the head nozzle, is provided with an ink residual quantity sensor characteristi- 
cally hawng printable dot number storage means (27) to store a number of printable dots corresponding to die fuU volume capaci- 
ty of said mk cartridge (8X pnnted dot number storage means (28) to store a number of dots actually printed by the head, storage 
contra^ means (30) to cause quantity of the ink which has been suctioned to be cumulatively stored as a number of printed dots in 
prmted dot number storage means (28) for each action of priming means (9), and ink residue detection means (31) which com- 
putes the residual quantity of ink based on said numbers of printable dots and printed dots. 
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BAncfipniiNn nvruf^ TWYTNTTON 

■ 

TTie present invention relates to q)paiatus for sensing and displaying the 
5 amount of ink remaining in an ink cartridge of tiie type used in a conventional ink 
jet printo*. 

DESCRlPnON OF THF PRTOR APT 

Conventional ink jet printers operate to print information on paper by 
selectively projecting drops of Hquid ink supplied by an ink cartridge. Some of 
1 0 tiiese printers arc able to detect depletion of ink in order to prevent running out of 
ink during die process of printing. For example, detection of ink depletion has 
been heretofore done by means of a pair of electrodes so placed inside die ink 

* 

cartridge fliat current between die electrodes is terminated when die ink level 
comes down below die electrodes. Anodjer scheme is to place a magnetic float on 
15 die surface of die ink so diat when die float comes down as die ink is depleted, it 
is detected by a magnetic sensor attached to die side of die ink tank, diereby 
making it possible to detect a shortage of ink. 

As described above, some conventional devices detect depletion of ink 
directiy by die lowering of die ink level TTierefore, it is necessaiy to provide a 

20 cartridge widi electrodes, a magnet float or odier similar parts, which makes an 
ink cartridge cosdy. Furtiier, wirii die above schemes, it is not possible to detea 
die residual quantity of ink, but only to detect a shortage of ink just before die ink 
contained in the ink cartridge runs out 

U.S. Patent No. 4.714,937 to G.T Kolinsky briefly mentions a concept 

25 of determining die level of ink in an ink supply by counting die number of nozzle 
firings. But diis ^proach does not take into account die considerable volume of 
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ink that may be sucked through the printhead duiing an ink-priming operation to 
remove ink dogs and the like firom the printing nozzIe(s). 

SUMMARY OF THE TNVENTrON 

Regarding the above problems, the present invention has as an objective 
5 die provision of an ink residual quantity sensor for an ink jet printer capable of 
accurate detection of the residual quantity of ink in an ink cartridge without 
increasing cost of the ink cartridge. 

According to the present invention, during the printing operation of an 
ink-jet printer, a number representing the number of dots actually printed by the 
10 printiiead is stored in a first storage device. \Wth each action of an ink priming 
means which saves to suction a prcdctenmned quantity of ink timiugfa the 



printing nozzIe(s), a storage control device serves to add to the stored number of 
dots actually printed a number representing die number of dots diat could have 
been printed by die suctioned quantity of ink. Hie residual quantity ofink in the 
1 5 cartridge is determined by an ink residue detection means whidi compares (a) the 
sum of the number of dots actually printed and the number of dots which can be 
printed by die suctioned quantity of ink widi (b) a number representing the 
number of dots which are printable by a fiill volume c^^acity of ink cartridge 8, 
such number of printable dots also being stored in a storage device. Theresultof 



20 diis conxpaiison is displayed by a gauge or the like on die printer housing, or by 
printing a display representing the residual quantity of ink on a sheet of pq)er. 
The invention and its advantages will be better understood from the 



ensuing detailed descr5)tion of preferred embodiments, reference being made to 
the acconq>anying drawings. 



25 



BRIEF DESCRTPTTON OF Tm PPTf>B ftRT 

Rgure 1 is a top plan view of an ink jet printer. 
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Figure 2 is a block diagram showing an embodiment of an ink residual 
quantity sensor of an ink jet printer according to Ae present invention. 

Hgnre 3 is a flow chart illastrating various steps of a program for 
implonenting the method of the invention. 

5 Figure 4 is an explanatory drawing showing an exan^le of display of 

residual quantity of ink. 



Pmn.FT) OESCRIPnON of PRRroppim iTn ^ RonmpNT^ 
A prefened embodiment of die present invention is explained 
1 0 hereunder, referring to the drawings. 

Rg. 1 shows a top plan view of an ink jet printer. An opening 2 is 
fonned in the upper surface of the printer housing 1. and a roller platen 3 and 

guide axis 4 are provided in parallel to each other witiiin opening 2. PlatenS, 
which is rotatably supported, is rotated by the driving power of a stepping motor 5 
15 through a plurality of gears 6. A carriage 7, which is moved lateraHy by die 

driving power of a stepping motor (not shown), is movably attached to guide axis 
4. Replaceably attached to carriage 7 is an ink cartridge 8 which contains 
specified quantity of ink and is integiaUy provided with a printhead having a head 
nozzle to eject ink. 



20 



An ink priming means 9 is attached to one end of platen 3. In the same 
manner as disclosed in pubUshed Japanese Patent i^Kcation No. 275709/1990, 
priming means 9 has a precision pumping mechanism which enables it to precisely 
control the quantity of ink it suctions widi a single pumping action. Such 

mechanism comprises a pump, a stepping motor to drive this pump and a cap 
25 niember having a tube connected to the suctioning end of the pump. When 

carriage 7 is positioned opposite or in front of the priming means 7, die cap covers 
the head nozzle in order to prevent drying up of ink on die nozzle, and a negative 
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pressure is applied by the pump to the head nozzle in order ro sucdon ink 
tfaerefironu iheitby preventing the nozzle from clogging up. Further, this priming 
acdon is performed automatically when an ink cartridge is replaced, or after a 
predetermined amount of printing has been done (e.g. 50 pages of printing), or 
5 whenever it is desired to do so^ such as by dq)ressing a switch 12. 

A printed circuit board 10 having a control circuit, which is described 
later, is positioned as shown in the printer housing. The printer housing is also 
provided, on the upper sur&ce thoeof, with powd switch 1 1 and a plurality of 
operation switches 12 through 15. Optionally, a set of light-emitting diodes LEDl 
10 - LED4 can be mounted atop the printer housing to display, for exanaple, the 
residual amount of ink in a cartridge and/or difG^nt selected printing fonts. 

Fig. 2 is a block diagram of the control circuit on the aforementioned 
printed circuit board. Numeral21 denotes a control unit for inputting printing 
data. Itcontrols the printing operation by controlling a head driving unit 22 which 
1 5 drives the pri n t h e ad, a carriage driving unit 23 which drives die stepping motor of 
carriage 7, and a paper feeder driving unit 24 which drives die stepping motor 5 of 

platen3. Control unit 21 also performs ink priming by controlling a pump driving 
unit 25 which drives the stepping motor of the punq> of priming n^ans 9. 

Connected to control unit 21 is a meoiory unit 26 having a first storage 

20 means 27 for storing a number rqyresenting the total number of printable dots, 
winch can be confuted from die fiill volume cap^dty of ink cartridge 8, a second 
stmage means 28 for storing a number representing the total number of dots 
actually printed by the printiiead, as well as die number of drops diat could have 
been printed by the ink suctioned throu^ the print head during die priming 

2 5 operation(s), and a counter 29 for counting a number of dots printed on a single 
line. Storage means 27 and 28 conqxrise nonvolatile memories. 
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Control unit 21 comprises a suitably progranuned microprocessor which 
enables it to function as (i) a storage control means 30 for causing, at each 
opaation of priming means 9, the number of dots that could have been printed 
from a quantity of suctioned ink to be added to die number of actually printed dots 
5 stored in storage mesaxs 28; Qi) an ink residue detection means 31, which 

computes Ae residual quantity of ink based on respective numbers of printable and 
actually printed dots stored in storage means 27 and 28, respectively, and Oii) a 
display output means 32 for causing the computed residual quantity of ink to be 
displayed. 

1 0 The operarion of the apparatus discussed above is explained hereunder, 

referring to Fig. 3. The explanation begins from die stage for r^lacing ink 
cartridge 8 with a new one (Step 4). 

TTie change mode begins when power switch 1 1 is turned on witfi switch 
12 held down (Step 5). Since caniage 7 is always positioned opposite the priming 
15 means 9 except while printing, it is not generaUy possible to physically reach the 
ink cartridge 8 for tiie purpose of replacranent When die change mode has 
commenced, however, control unit 21 drives die stepping motor tiirough caniage 
driving unit 33, diereby moving carriage 7 to die center of die printing range (Step 
6) so that ink cartridge 8 can be replaced. 

20 TTien, the operator releases die mechanical lock which hoWs die 

cartridge on die carriage, replaces ink cartridge 8 witii a new cartridge and sets die 
mechanical lock again (Step 7). 

After changing d» cartridge, when switch 12 is turned on (Step 8). 
control unit 21 clears die memory in printed dot number storage means 28 and 
2 5 causes caniage 7 to be moved to a position opposite priming means 9 (Step 9). 
When caniage 7 has moved to dus position, die cap member covers die head 
nozzle, and priming is perfomied under tiiis condition (Step 10). Control unit 21 
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drives the stepping motor of the pump through pump driving unit 25 and, using 
the action of the pump, allies negative pressure to the head no2zle to suction ink. 

Since Ae quantity of suctioned ink can be rqxresented as a number of 
printed dots, such numb^ can be stored in storage means 28 by control unit 2 1 
5 functioning as storage control means 30 (Step 1 1). 

In the above description, the printer was set at the change mode at Step 
5. In case ink cartddge 8 is not to be changed, however, by turning off power 
switch 11, carriage 7 can be moved to the priming position opposite priming 
means 9, thereby returning the printer to the stand-by mode (Steps 12 and 13). 
10 The power is cut off thereafter. 

Next, the function when {ninting is in progress is explained. 
Whra paper has been set at platm 3 and a conmiand to start printing is 
given, any counted value by counter 29 is deaied and one line of image 
information is printed (Step 14). Printing is done with ink ejected onto die paper 
15 from the head nozzle, while carriage 7 is moving. At that time, the number of 
dots actually printed by the head is counted by counter 29. 

When a line of printing has been completed, die numb^ of printed dots 
counted by counter 29 is cumulatively stored in printed dot number storage means 
28 (Step 15). - 

20 Printing is performed with Steps 14 and IS being rq>eated as above. 

Whm a number ofprinted pages has reached SO in total (Step 16)» 
carriage 7 is moved automatically to the front of priming means 9 (Step 17) to 
receive the priming action described above (Step 18). 

Hie quanti^ of ink suctioned by the above priming action is converted 
25 to a number of printed dots, and this number is stored in printed dot number 
storage iiieans 28 by the storage coiitrol means 30 of control unit 21 (Step 19). 
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If the cuirent printing operation has not yet been completed, the printer 
is returned to Stq> 14, from Txiuch the process is resumed (Step 20). 

Next, the etplanaiion is given as to the procedme of checking flie 
residual quanti^ of ink prior to printing. 

5 TTie operator turns on poww switch 1 1 whfle holding down switch 14 

(Steps 1 and 2), diereby setting the printer at die test mode. Paper should be set on 
platen 3 beforehand. 

Control unit 21 determines, using its function as ink residue detection 
means 31, die residual quantity of ink by comparing die number of printable dots 
1 0 stored in printable dot number storage means 27 widi the number of actually 

printed dots (which includes the dots diat could have been printed by the suctioned 
ink), vMch was input in printed dot nnmbw storage means 28 in die manno- 
described above. Then, using its function as display ou^ut means 32, control unit 
21 causes die value of ink residual quantity to be displayed. 

^5 ^^idmgtoapaiticulariyprefiBnedanbodimemofdiepresent 

invention, die residual quantity of ink is printed on p^. As it is shown in Rg. 4, 
it is indicated as a bar graph whose lengdi represents residual quantity of ink in 
relation to die lengdi representing die full volume capacity (Step 3). 

Hiercforc, residual quantity of ink can be easily confimKd by checking 
20 die display of die residual ink quantity. Thus, it is possible to accurately estimate 
the time when ink cartridge 8 should be changed. 

If it is found necessary to change ink cartridge 8, die operator should 
proceed to Step 5 to change the cartridee. In cases where rmiarMnmr ie nnt 



25 



necessary, he may proceed to Step 14 to stan printing. 

As described above, ink cartridge 8 is not provided widi special parts for 
detecting residual quantity of ink. and, dierefore, its cost can be kept low. Fuitiier. 
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detectioD of residual ink quantily can be conducted through software in a 
imcrocon:q)uter incoipoiated in an ink jet printer. 

* 

Pruning action can be actuated by a manual command by operating 
switch 12 when power switch 1 1 is at the "on** position. 
5 The manner of displaying residual quantity of ink is not restricted to the 

aforementioned manner that calls for printing on paper, it may be indicated by . 
means of a liquid crystal display or a lamp. Altmiatively, die ou^ut of the 
residual ink detector can be used to energize one or more of the LED's (LEDl- 
LED4), the more LED's energized, the greater the quantity of ink remaining in the 
10 cartridge. 

According to the present invention, the numb^ of dots actually printed 
is stored in a printed dot number storage means, and, whenever priming is 
performed, tiie quantity of suctioned ink is also cumulatively stored as a iramber 
of printed dots* By comparing tiie sum of these numbers with a number 
15 r^nesrating the total number of dots which are printable from a fuU ink cartridge, 
it is possible to accurately display die residual quantity of ink in the ink cartridge. 
Furthermore, this effect can be achieved by means of ink jet printer software 
without increasing cost of an ink cartridge. 



20 



25 
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Weclaim: 

1. An ink residual quantity sensor of an ink jet printer provided with a 
head having a head nozzle to eject mk for printing, an ink cartridge containing ink 
and a priming means to suction ink whUe applying pressure to the head nozzle, 
5 said residual quantity sensor diaracteristically comprising: 

a printable dot number storage means to store a number of printable dots 
corresponding to the full volume capacity of said ink cartridge; 

a printed dot number stOTage means to store a number of dots actuaUy 
printed by said head; 

) * storage control means to cause quantity of the ink which has been 

suctioned to be cumulatively stored as a number of printed dots in said printed dot 
number storage means for each action of said priming means; and 

an ink residue detection means which computes tiie residual quantity of 
ink based on said numbers of printable dots and printed dots. 



25 
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